Summary.
The avian oviduct is subdivided into five regions according to its function in egg formation and histological features.
They are the infundibulum, albumen secreting region (magnum), isthmus, shell gland (uterus), and vagina.
The epithelium of these regions consists of ciliated and nonciliated cells. In addition to secretion granules, specific to each region, in the non-ciliated cells, considerable numbers of granules in the ciliated cell are characteristic to this organ.
In the infundibulum a small number of moderately dense granules are seen both in laying and non-laying birds. The ciliated cells in the magnum have mucous type globules which appear to increase in number in non-laying birds suggesting that they may represent reabsorbed mucous. The isthmus ciliated cell contains complextype granules composed of a dense cortex and a less dense core. This type of granules are increased in laying birds. Large dense granules are located in the uterus and in the adjacent areas. This type also increases in laying birds. Discharged gramule content was found in the lumen keeping its continuity with the apical granules.
These findings were evident in the hen, duck, quail and pigeon. ACPase was not detected and ATPase activity was weak in the dense granule.
TPPase appeared to be localized in some of the granules. Electron probe microanalysis of the dense granules did not prove a significant concentration of Ca, indicating that the uterine ciliated cell may not be involved in shell formarion in the uterus gland.
Previous reports indicate that ciliated cells in various parts of epithelia, with the exception of the avian oviduct, have scanty granules in contrast to an abundance of characteristic granules in neighboring non-ciliated or mucous secreting cells. Description of the granules in these ciliated cells has been limited to lysosomes, lipid-like globules or dense bodies of unknown nature.
In the avian oviduct a considerable number of granules are evident in the ciliated cells (MAKITA, 1972) . Electron micrographs in the previous investigations contain some profiles of these ciliated cell granules JOHSTON, AITKEN and WYBURN, 1963; MAKITA and NISHIDA, 1966a, b; MAKITA and KIWAKI, 1968a, b; BREEN and DEBRUYN, 1969; NEVALAINEN, 1969; FERTUCK and NEWSTEAD, 1970; MAKITA, 1970 ).
This study is of ciliated cells in the following five regions of the avian oviduct:
in which the ovum is captured after release from the ovary.
2. Magnum, in which the ovum is coated with albumen. 3. Isthmus, in which the shell membrane is added.
4. Uterus, in which calcium for the shell is provided.
5. Vagina, from which the completed egg is expelled. Periodical and vigorous secretion of albumen and calcium is evident in a daily cycle and in a long term seasonal cycle (SANDOZ, ULRICH and BRARD, 1970, 1971 ) from 209 the respective regions. The granules in the ciliated cells, some of which in this organ are secretory in nature, will be described in various regions. Studies on their morphology in the laying and non-laying state and in addition some cytochemical studies were done in the hope that the additional information might contribute to our understanding of the function of ciliated epithelial cells.
Materials and Methods
Nine laying and five non-laying hens, five laying and two non-laying quails, two laying ducks and one none-laying duck and four laying and two non-laying pigeons were sacrificed for this study.
The birds were perfused with either 4% glutaraldehyde or 4% paraformaldehyde in 0.1M cacodylate buffer (pH. 7.4) with 5% sucrose. These solutions were simultaneously introduced into the lumen of the oviduct. Small blocks of tissue from each region were immersed in the fixative for an addion a tissue sectioner (Sorvall TC-2) or with a vibratome (Oxford G) and incubated in medium was 5mg of ATP (sodium salt), 8.4ml of tris maleic buffer (0.1m, pH 7.2), 1ml of MgSO4 (0.1m), and 0.6ml of lead nitrate (2%). For thiamine pyrophosphatase reaction the incubation medium was composed of: 10mg of cocarboxylase, 3.4ml of tris buffer (0.1M, pH 8.5), 2.6ml of MgSO4 (0.015M), and 4.0ml of lead citrate (0.5%). The tissue was then postfixed with buffered osmium tetroxide (2%) for 1 to 2hrs and dehydrated in graded ethanols. Some tissue blocks were immersed in this OsO4 solution without prefixation with aldehydes. The blocks or sections were embedded in Epon 812. Thin sections were examined with or without counterstaining with lead and uran solutions.
Observations

Regional differences
Three major types of granules are found in the ciliated cells of the avian oviduct. The mucous type is found in the magnum or the albumen secreting region of the oviduct (Fig. 1 ). It contains a pale ground substance and a fine filamentous network in the limiting membrane having an appearance similar to the mucous globules in neighboring non-ciliated cells. Occasionally it contains a dense body or a multivesicular substructure. This type of granule is smaller in size than the mucous globules in non-ciliated cells and appears to increase in number in non-laying birds (Fig. 2) .
The second type is a complex granule which is located in the supranuclear region of the cilitated cells of the isthmus. These granules vary considerably in size but are much smaller than those in the neighboring non-ciliated cells of this region (Fig. 3) . Each granule is composed of a peripheral dense zone and a moderately dense granular core. The proportion of these two zones is quite variable.
Some have only a dense ring inside their limiting membrane and others have a wider dark zone surrounding the central granular core (Fig. 4) . Small sized granules are entirely densely stained. In the oviduct of non-laying birds the granules decrease in number.
The complex type, in particular, are infrequent and small.
The third type of granule in ciliated cells is large, round or oval and is densely stained.
These are found in the epithelium of the uterus and in the junctional regions such as isthmus to uterus and uterus to vagina. The granules are usually larger than the dense granules in the non-ciliated cells in these regions. The content of this type is often quite electron dense (Fig. 5 ). This type of granule, similar to the first two types, is membrane bound and filling of the granule is not always complete. Vesicles which contain a relatively small amount of loosely organized material coexist with the variety of dense granules (Fig. 6) .
Density of the granules with different fixatives
In the tissue fixed in OsO4 without aldehyde pre-fixation the limiting membrane and the finely granular background material are more distinct.
With paraformaldehyde fixation and with (Fig. 7) or without (Fig. 8 ) post osmification the appearance of the dense granules is slightly paler than those which had been fixed in glutaraldehyde.
The granular background is more readily envisaged than in the glutaraldehyde fixed tissue.
Formation of the dense granule
A close association of the granules with the Golgi complex is a common finding. Some elongated dense granules in the Golgi area demonstrate a lamellated substructure (Fig. 9) .
On the other hand, the completed granule often contains crest-like membrane structures in ground substance.
Fine grains in the loosely packed granule resemble Secretion of the dense granule from the ciliated cell
In the apex of the ciliated cell, extensions of very large granules project toward the lumen of the uterus (Fig. 10) .
Depressions in the free surface of the ciliated cell over apical granules (Fig. 11) , close contact of the granule with the apical surface (Fig. 12, 13) , and actual continuity between the content and the lumen of the uterus (Fig. 14) are common observations in the laying hen.
The dense granules under different physiological condition
No remarkable difference can be detected between the resting phase, (in which no egg is in the oviduct), and the active phase, (in which an egg is either in the isthmus or in the uterus), in laying birds.
In non-laying birds the number and the size of the granules are considerably diminished as is demonstrated in Figure 15 .
The granules in the apices of ciliated cells are similarly evident in other regions such as the infundibulo-magnum junctional zone and the vagina, but they do not vary in number under different conditions of the birds. The granules in the ciliated cells in the different zones of the oviduct demonstrated no remarkable species differences between the hen, duck, pigeon and quail.
Cytochemistry of the granules
In cytochemical studies the reaction product of ATPase in ciliated cells of the uterus (Fig. 16) was located on the surface of the cell, with a heavier reaction on the apical rather than on the lateral surfaces.
A moderate raction was detectable on the endoplasmic reticulum but was not evident on other cell organelles.
Lysosomes and some of the dense granules were reactive to this enzyme reaction.
The reaction of thiamine pyrophosphase (TPPase), a marker enzyme Fig. 9 . In ciliated cells of the uterus of the laying quail a dense content is seen in some of the Golgi sacs. One of the elongated granules in the Golgi complex demonstrates the lamina- Fig. 10 . In the apex of a ciliated cell of the laying quail uterus extensions appear to direct of the Golgi complex, was located on the surface of the ciliated cells as well as on the endoplasmic reticulum. Lysosomes were almost negative to this reaction. Some dense granules in the Golgi region appeared reactive to the TPPase but others remained negative in the same field (Fig. 17) .
Discussion
To our knowledge large dense granules in ciliated cells have been reported only in the oviduct of the rabbit (MERCHANT. 1969). In the bovine oviduct no indication of any secretory activity was found at light microscopic level (BJORKMAN and FREDRICSSON, 1960) . In the hen, dense secretory granules in ciliated cells have been reported in the uterus region (JOHNSTON, AITKEN and WYBURN, 1963; MAKITA and NISHIDA, 1966a, b, NEVALAINEN, 1969; BREEN and DEBRUYN, 1969; MAKITA, 1972) and in the infundibulum of the oviduct (AITKEN and JOHONSTON, 1963; MAKITA and KIWAKI, 1968a, b) . None of these studies showed the secreting phase of this type of cell. The nature of the content of the three types of granules described in this study is still unknown, but the difference between laying and non-laying birds as well as the regional differences suggest that they have a certain role in egg formation.
It is evident that the goblet cells in the magnum have a secretory function both in the laying and in the non-laying state but whether the mucous type of granules in ciliated cells of this region are in the process of being secreted or absorbed is undecided. It is quite possible that the reabsorption of mucus may be a continuous process in all phases of the laying or non-laying oviduct and a further experiment will be conducted. It has been shown that the isthmus of the oviduct contributes to the envelopement of the albumen by the shell membrane (RICHARDSON, 1935; GILBERT, LAKE and WOOD-GUSH, 1966; GILBERT, 1967) . In this function, the large dense globules in nonciliated cells and in the gland cells probably play a major role but the complex granules found in ciliated cells of this region may also participate in the formation of the Fig. 16 . ATP-ase reaction product is heavily precipitated on the microvillus surface of the uterine ciliated cells in a laying pigeon. The reaction is weaker on the surface of the cilia. Most of the dense granules (arrows) are free of this enzyme activity. A very fine reaction product is located on the outer surface of a lysosome (L). R rootlet of cilia, g reactive granule. shell membrane as suggested by their marked decrease during the non-laying condition. The variation of relative proportions of the dense peripheral zone and the lighter granular core in the complex granule is partly due to the level of the section. There is a discrepancy concerning the cyclical variation in the number of granules in the uterine ciliated cells. JOHNSTON et al. (1963) reported that these granules were relatively few and comparatively small when an egg was in the isthmus prior to entering the uterus while BREEN and DEBRUYN (1969) described an increased number of granules in that condition.
In our studies the size and number of these granules were not influenced significantly by the location of the egg in either the isthmus or the uterus.
As there are remarkable differences between one bird and another, one can only conclude that there is a marked decrease in the number of this type of granule in non-laying birds.
All of the present findings suggest the involvement of the granules in shell formation. However, the existence of these granules in the non-laying birds (BREEN and DEBRUYN, 1969; JOHNSTON, AITKEN and WYBURN, 1963) and in the resting phase of the laying hen, as well as in calcium-deficient hens (NEVALAINEN, 1969) , might indicate that this type of granule in the uterus epithelium is not a primary contributor to the shell matrix. Our survey with an electron probe micro-analyser (SM-U3. JEOL) combined with a scanning electron microscope (JSM-U3. JEOL) revealed no significant concentration of calcium in the granules beyond that background.
Another possible function of the secretion granules in the uterine ciliated cell would be the secretion of pigments to be incorporated into the shell surface (RICHARDSON, 1935) . The shells of hen and duck eggs are normally coated with a uniform pigment layer that varies in color from white to brown. The quail's shell has a specific dark brown patteren on it. The uterine epithelium of the hen and of the quail revealed no distinct differences in the granular content of the ciliated cells.
It has not previously been shown that the content of the dark granules in ciliated cells was discharged into the lumen of the oviduct.
To increase the possibility of amined on a tilting stage. Figures were thus obtained which showed unequivocally that the content was in the process of being discharged into the lumen. The amorphous dense cotent of the apical granule was actually in continuity with the densely stained material in the lumen. The Golgi complex has been suggested as the initial site of formation of granules in ciliated cells (BREEN and DEBRUYN, 1969) and the granules were frequently found near the Golgi complex.
It was interesting that on cytochemical studies thiamine pyrophoshatase, an enzyme well localized in the Golgi complex, was detected over limited numbers of granules indicating that the membranes and their associated enzymes do not appear to migrate toward the cell apex with the secretory product. This view has been proposed by SANDBORN (1970) in his cell model and by the recent evidence in an analysis of isolated Golgi complex (EHRENREICH, BERGERON and PALADE, 1970; MELDOLESI, JAMIESON and PALADE, 1971) . A negative reaction for acid phosphatase (MAKITA and KIWAKI, 1967; NEVALAINEN, 1969) indicates that the granules are not lysosomal in nature. 
